To determine if hyperreflective foci in the outer retina are associated with photoreceptor integrity and the logarithm of minimum angle of resolution (logMAR) visual acuity (VA) in patients with diabetic macular edema (DME).
INTRODUCTION
Diabetic macular edema (DME) is a leading cause of visual impairment in patients with diabetes. The Wisconsin Epidemiologic Study of Diabetic Retinopathy reported that the incidence of DME over a 10-year period was 20.1% in a younger-onset group, 25.4% in an older-onset group taking insulin, and 13.9% in an older-onset group not taking insulin. 1 Since the number of patients with diabetic retinopathy (DR) and vision-threatening DR is expected to increase, 2 further research is needed into development of treatments and evaluation techniques for DME.
Optical coherence tomography (OCT) has been used widely to assess the pathological structures in the macula and objectively measure the retinal thickness. [3] [4] [5] [6] To date, a modest correlation between OCT-measured central retinal thickness and visual acuity (VA) has been reported to some extent in DME.
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Despite the clinical relevance of this finding, clinicians frequently have observed eyes with poor visual outcomes regardless of complete resolution of the macular edema, and the VA is highly variable in association with a given degree of retinal edema. 12, 13 These clinical findings suggested that a pathogenesis other than macular thickening may be at play and should be investigated.
In addition to quantification, later generations of OCT also enable clinicians to one scan or more were classified as ELM (±); and eyes with an undetectable ELM line in the fovea were classified as ELM (-). Each eye also was classified based on the status of the IS/OS line beneath the fovea using the same criteria described for the ELM line, i.e., IS/OS (+), IS/OS (±), and IS/OS (-).
Since a number of studies have reported the photoreceptor status as a novel parameter in macular edema associated with retinal vascular diseases, which led us to hypothesize that an intact ELM might block diffusion of proteins or lipids from the damaged retinal vasculature, whereas they might otherwise migrate freely within the inner retinal layers. In other words, migration of hyperreflective foci into the outer retinal layers than the ELM might indicate that the barrier properties of the ELM are disrupted or that the inner or outer segments necessary for light perception have been damaged. Thus, we evaluated and defined the hyperreflective foci in the outer retinal layers from the ELM to the RPE within each 1-mm scanned area centered on the fovea ( Figure 1 ). As discussed previously, the ELM was often interrupted or absent at the fovea. When two or more fragments of
Hyperreflective foci, photoreceptor layer, and VA in DME. Uji, the ELM line were detected in the scanned area, we drew imaginary lines between the ends of the ELM lines (Figure 2 ). When the ELM line reached the outer side without interruption and ended at the RPE-choriocapillaris complex, we considered the area where the ELM line was absent as being above the ELM line and did not draw an additional line ( Figure 2 , bottom row). The sparse hyperreflective foci were round or oval as reported previously, 19 and the hyperreflective foci aggregates were often seen on the OCT images and corresponded to hard exudates in the fundus photographs. We excluded eyes with aggregates within the 1-mm central scanned area (Figure 1 ), because the aim of this study was to evaluate the association between the photoreceptor status and sparse hyperreflective foci, which are considered as subclinical hard exudates. 
Statistical Analysis
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RESULTS

Assessment of Inter-observer Agreement
The Kappa coefficient was 0.897 (P < .001) for the ELM, 0.833 (P < .001) for the IS/OS, and 0.926 (P < .001) for location of the hyperreflective foci. These results indicated good inter-observer agreement.
Hyperreflective Foci in the Outer Retinal Layers than the External Limiting Membrane
Recent publications have documented the presence of hyperreflective foci in Spectralis OCT images of DR, but it is unclear whether the finding is related to visual function, which encouraged us to investigate the clinical relevance of hyperreflective foci in DME. We observed hyperreflective foci in the central 1-mm area of the fovea in the inner retinal layers in 107 (99.1%) of the 108 eyes with DME
Hyperreflective foci, photoreceptor layer, and VA in DME. Uji, ( Figure 1 ). However, only 58 (53.7%) of the 108 eyes had hyperreflective foci in the outer retinal layers.
The logMAR VA was significantly (P < .0001) worse in the group with hyperreflective foci in the outer retinal layers compared with the group without hyperreflective foci in the outer retinal layers (Table 1) , although no other systemic or ocular parameters differed between the groups. We further investigated how hyperreflective foci in the outer retinal layers contributed to the pathogenesis of DME and found that 45 of 50 eyes (90%) without hyperreflective foci in the outer retinal layers had an intact ELM, whereas 45 (77.6%) of 58 eyes with hyperreflective foci in the outer retinal layers had a disrupted ELM (P < .0001) ( Table 2 ). The logMAR VA in the ELM (+) group also was significantly better than that in either the ELM (±) or ELM (-) groups (P < .0001 for both comparisons).
These results suggested that the pathological association between the hyperreflective foci in the outer retinal layers and disrupted ELM may contribute to visual dysfunction in DME.
Association between Hyperreflective Foci and Photoreceptor Status
Hyperreflective foci, photoreceptor layer, and VA in DME. Uji, Despite the clinical relevance of ELM disruption in the OCT images, which affects visual function but not light perception or signal transduction per se, 14 the major function of the ELM seems to be that of a barrier. We also evaluated another marker of photoreceptor integrity, the IS/OS, which directly represents light perception. We found that eyes with an intact IS/OS had significantly better VA than eyes with either an interrupted or absent IS/OS (P = .0021 and P < .0001, respectively). All 27 eyes with an intact IS/OS also had an intact ELM, whereas 50 (61.7%) of 81 eyes with a disrupted IS/OS had either an interrupted or absent ELM (P < .0001) ( Table 3 ). In addition, 96.3% of eyes with an intact IS/OS had no hyperreflective foci in the outer retinal layers, especially compared to the higher frequency of hyperreflective foci in the outer retinal layers (71.3%) in eyes with a disrupted IS/OS (P < .0001) ( Table 3 ).
These results suggested that the pathological association between the hyperreflective foci in the outer retinal layers and a disrupted ELM may affect the damage in the cone inner or outer segments and the visual function.
Modest Association between Foveal Thickness and Hyperreflective Foci
The macular thickness might represent the magnitude of the macular edema, the Hyperreflective foci, photoreceptor layer, and VA in DME. Uji, severity of the damage in signal transduction, or both. Thus, when we investigated whether the hyperreflective foci in the outer retinal layers were associated with the macular thickening, we found that the mean foveal thickness was significantly (P = .0081) higher in the group with hyperreflective foci in the outer retinal layers than in the group with no hyperreflective foci in the outer retinal layers (Table 4 ). In addition, the mean foveal thickness was correlated significantly (P = .0033) with the ELM status at the fovea (Table 4 ) and the mean foveal thickness was modestly correlated with the logMAR VA (R = 0.275; P = .0038). were seen on Spectralis OCT scans in patients with DME and that these foci were distributed throughout all retinal layers. Our current study showed that hyperreflective foci were present in the fovea in most eyes with DME, whereas only 58 eyes (53.7%) had hyperreflective foci in the outer retinal layers than the ELM. As Hyperreflective foci, photoreceptor layer, and VA in DME. Uji, The Hyperreflective foci, photoreceptor layer, and VA in DME. Uji, Damage Figures 2, 3) .
Macular thickness is a well-accepted parameter associated with visual disturbance in DME. [5] [6] [7] [8] [9] [10] [11] In the current study, eyes with hyperreflective foci in the outer retinal layers were thicker than those without hyperreflective foci in the outer retinal layers. Thus, it is reasonable that severe breakdown of the blood-retinal barrier might result in thickening of the retinal parenchyma and extravasation of macromolecules or macrophages. Interestingly, the ELM status also was associated with the macular thickness, which led us to speculate further that degeneration or dysfunction of the Müller cells may cause the ELM lines to disappear, leading to structural fragility and a concomitant increase in the volume of the retinal parenchyma.
The current study showed the clinical relevance of the hyperreflective foci, which are otherwise clinically invisible, in the outer retinal layers on the Spectralis OCT images. We also identified a pathological association between hyperreflective foci in the outer retinal layers and disrupted ELM or IS/OS lines, suggesting photoreceptor degeneration in DME. 
